Klebsiella pneumoniae producing extended spectrum β-lactamase in Regional Military University Hospital of Oran, Algeria: antibiotic resistance, biofilm formation, and detection of blaCTX-M and blaTEM genes by Benbrahim, C. et al.
 




Benbrahim et al. Afr. J. Clin. Exper. Microbiol. 2021; 22 (1): 28 - 37                                                                                 https://www.afrjcem.org 
African Journal of Clinical and Experimental Microbiology. ISSN 1595-689X                                             Jan 2021; Vol.22 No.1                                                                                              
AJCEM/2044. https://www.ajol.info/index.php/ajcem                                              
Copyright AJCEM 2021: https://dx.doi.org/10.4314/ajcem.v22i1.5         
Original Article                                                                 Open Access 
Klebsiella pneumoniae producing extended spectrum β-lactamase 
in Regional Military University Hospital of Oran, Algeria: 
antibiotic resistance, biofilm formation, and  
detection of blaCTX-M and blaTEM genes 
*1Benbrahim, C., 1Barka, M. S., 2Benmahdi, L., 3Zatout, A., and 1Khadir, A. 
  1Laboratory of Applied Microbiology in Food, Biomedical and Environment (LAMAABE), Department of Biology, 
Faculty of Nature and Life, Earth and Universal Sciences, Abou Bekr Belkaid University, 13000 Tlemcen, Algeria 
2Laboratory of Microbiology, Regional Military University Hospital, Oran, Algeria 
  3Laboratory of Microbiology and Plant Biology, Department of Biological Sciences, Faculty of Natural Sciences 
   and Life, University of Abdlhamid Ibn Badis, Mostaganem, Algeria 




Background: Klebsiella pneumoniae is a bacterial pathogen commonly associated with severe nosocomial and 
community acquired infections especially through the acquisition of extended spectrum β-lactamases (ESβL) 
and biofilm formation capacity. The objectives of this study are to determine the prevalence of K. pneumoniae 
ESβL (KP-ESβL)-producing isolates in the Regional Military University Hospital of Oran (HMRUO) Algeria, 
characterize their antibiotic resistance profile, genetically detect blaTEM and blaCTX-M genes, and evaluate their 
biofilm formation capacity.                       
Methodology: Different clinical specimens including blood, cerebrospinal fluids, urine and catheter, pus, peri- 
rectal abscess, and surgical wounds were collected from patients with suspected clinical infections in different 
units and departments of the hospital. The specimens were cultured on Blood, MacConkey and CLED agar (for 
urine only) plates and incubated aerobically for 24 hours at 37°C for preliminary identification of bacteria using 
conventional colony morphology, Gram stain reaction, and disk diffusion test for antibiotic susceptibility testing 
(AST). Confirmation of isolates, antibiogram, minimum inhibitory concentration (MIC) and detection of 
resistance phenotypes, were carried out by the automated Vitek 2 (BioMérieux) identification and susceptibility 
method. ESβL production was confirmed by the synergy and combination disk tests. ESβL genes were detected 
by conventional simplex PCR and biofilm formation was detected by the tissue culture plate (TCP) method. 
Results: A total of 630 patients’ clinical samples (one sample per patient) were processed. Klebsiella 
pneumoniae was isolated in 40 (6.3%) samples, and 15 of these (37.5%) produced ESβL. In the disk diffusion 
AST assay, all 40 K. pneumoniae isolates were resistant to ampicillin and ticarcillin while all 40 isolates were 
sensitive to cefoxitin, imipenem and ertapenem. KP-ESβL producing isolates were more frequently recovered 
from intensive care unit (33.3%) and from urine (46.7%) samples. Group 1 blaCTX-M genes were detected in 13 
of the 15 (86.7%) KP-ESβL isolates, and 46.7% of these isolates were moderate biofilm producers.                  
Conclusion: There is need for health departments to put in place preventative measures through regular 
surveillance of these resistant pathogens and initiating appropriate infection prevention and control strategies 
to limit their spread in Algerian hospitals and worldwide.  
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Abstrait: 
Contexte: Klebsiella pneumoniae est un pathogène bactérien communément associé aux infections 
nosocomiales et communautaires sévères, en particulier par l'acquisition de β-lactamases à spectre étendu 
(ESβL) et la capacité de formation de biofilm. Les objectifs de cette étude sont de déterminer la prévalence des 
isolats de K. pneumoniae producteurs de βLSE (KP-βLSE) au CHU d'Oran (HMRUO) Algérie, caractériser leur 
profil de résistance aux antibiotiques, détecter génétiquement les gènes blaTEM et blaCTX-M, et évaluer leur 
capacité de formation de biofilm.           
Méthodologie: Différents échantillons cliniques, y compris du sang, des liquides céphalo-rachidiens, de l'urine 
mictionnelle et du cathéter, du pus, des abcès périrectal et des plaies chirurgicales ont été prélevés des 
patients suspectés d'infections cliniques dans différentes unités et départements de l'hôpital. Les échantillons 
ont été cultivés sur des milieu de culture: deglose au sang, MacConkey et CLED (pour l'urine uniquement) et 
incubés en aérobie pendant 24heures à 37°C pour l'identification préliminaire des bactéries en utilisant la 
morphologie conventionnelle des colonies, la coloration de Gram et le test de diffusion sur disque pour les tests 
de sensibilité aux antibiotiques (AST). La confirmation des isolats, l'antibiogramme, la concentration minimale 
inhibitrice (CMI) et la détection des phénotypes de résistance ont été réalisés par la méthode automatisée 
d'identification et de sensibilité sur Vitek 2 (BioMérieux). La production de βLSE a été confirmée par les tests de 
synergie et de double disques. Les gènes de βLSE ont été détectés par PCR simplex conventionnelle et la 
formation de biofilm a été détectée par la méthode de la plaque de culture tissulaire (TCP).                      
Résultats: Un total de 630 échantillons cliniques de patients (un échantillon par patient) ont été traités. 
Klebsiella pneumoniae a été isolé dans 40 échantillons (6,3%) et 15 d'entre eux (37,5%) ont produit des βLSE. 
Dans le test AST à diffusion sur disque, tous les 40 isolats de K. pneumoniae étaient résistants à l'ampicilline et 
à la ticarcilline, tandis que les 40 isolats étaient sensibles à la céfoxitine, à l'imipénème et à l'ertapénème. Les 
isolats producteurs de KP-βLSE ont été plus fréquemment récupérés dans les unités de soins intensifs (33,3%) 
et dans les échantillons d'urine (46,7%). Les gènes blaCTX-M du groupe 1 ont été détectés dans 13 des 15 isolats 
de KP-βLSE (86,7%), et 46,7% de ces isolats étaient des producteurs de biofilm modérés.                 
Conclusion: Il est nécessaire que les services de santé mettent en place des mesures préventives grâce à une 
surveillance régulière de ces pathogènes résistants et à la mise en place de stratégies appropriées de 
prévention et de contrôle des infections pour limiter leur propagation dans les hôpitaux algériens et dans le 
monde. 
Mots clés: Klebsiella pneumoniae, βLSE, biofilm, PCR, résistance antibactérienne 
Introduction: 
 
 Bacterial antibiotic resistance (ATB) is 
constantly evolving. For over 30 years, anti- 
biotic resistance among enterobacteria to the 
third-generation cephalosporins (3GC) has 
been steadily increasing, notably through the 
production of extended-spectrum beta lacta- 
mases (ESβLs). These enzymes including 
TEM, SHV, CTX-M and their derivatives confer 
resistance on enterobacteria to all β-lactam 
agents with exception of cephamycins and 
carbapenems (1,2). While ESβL-producing 
enterobacteria were mostly observed in hosp-
itals with varying isolation frequencies from 
hospital to hospital, and even from depart- 
ment to department within the same hosp- 
ital, the diffusion of these multiresistant 
pathogens into community is of increasing 
concern. The transmission of genes encoding 
ESβL, mainly through plasmids, is responsible 
of their rapid dissemination and thus account 
for the increased prevalence of ESβL-produ- 
cing bacteria worldwide, which constitute a 
major public health problem (1,3,). 
 Klebsiella pneumoniae is an important 
opportunistic pathogen causing nosocomial 
and community associated infections (4). The 
organism is part of the normal microflora of 
the intestine and commonly responsible for 
severe infections of the respiratory tracts 
(hospital acquired and ventilator associated 
pneumonia), catheter-related urinary tract 
infection, meningitis, blood stream infections 
(bacteremia and septicaemia), infections of 
surgical and non-surgical wounds, diarrhea, 
diseases, prosthetic valve endocarditis, peri- 
tonitis, and osteomyelitis (5-11). 
 The first ESβL-producing K. pneumo- 
niae strains were first reported in Europe in 
1982 where a new resistance to ceftazidime 
and aztreonam from plasmid-transmitted β- 
lactamase enzyme was quickly and easily dis- 
seminated to other Gram-negative bacteria 
including Escherichia coli. Since the discovery 
of these enzymes, they have not stopped 
growing, and today there are over than 200 
different ESβL enzymes. The impact of the 
ESβL strains is very significant, especially in 
the intensive care units with a high pro- 
pensity for epidemic outbreaks. It has been 
shown in previous European studies that K. 
pneumoniae and E. coli were the two most 
common bacterial species frequently involved 
in ESβL production (12).  
 There is need for active surveillance 
 




for ESβL-producing pathogens in high-risk 
populations using appropriate antimicrobial 
techniques because these pathogens are 
generally multiresistant (12,13). ESβL genes 
are typically carried by large transferable 
plasmids (85–275kb) on which they are often 
other associated genes coding for resistance 
to aminoglycosides, chloramphenicol, sulfon-
amides, trimethoprim, tetracyclines and fluo- 
roquinolones (12). Although, the β-lactamase 
inhibitors are used to treat serious infection 
caused by ESβL-producing K. pneumoniae, 
this should be done with caution because in 
vitro sensitivity does not necessarily predict 
in vivo efficacy (13). Surveys conducted in 
different countries during specific time per- 
iods revealed that once a CTX-M β-lactamase 
enters a specific geographic area, it becomes 
predominant, and displace or superimpose 
itself over TEM and SHV ESβL variants (14).
 The main virulence factors contribu- 
ting to the pathogenesis of K. pneumoniae 
are the capsular polysaccharides and pili type 
1 and 3 (6,7). Biofilms formation is another 
virulence factor. Biofilms are bacterial popu- 
lations linked by exopolysaccharide matrices 
at the surface. This matrix of extracellular 
polymeric substances (EPS) consists mainly 
of polysaccharides, proteins, lipids and nuc- 
leic acids in varying amounts (11). The first 
strain of K. pneumoniae producing biofilms 
was described in the late 1988 (7). Biofilm-
forming bacteria are often observed on the 
urinary catheter and on the surface of tissues 
and biomaterials usually at sites of persistent 
infection, where biofilm formation is a major 
cause of implant failure, and often limits the 
lifetime of many permanent medical devices 
(7,11).     
 The ability of K. pneumoniae to form 
biofilm provides protection against the host 
immune system as well as to antibiotics, 
therefore, biofilms are a major cause of 
resistance to antimicrobial agents, with resul- 
tant high costs of treatment of infections 
caused by these strains (15). For these rea- 
sons, information on ESβL and biofilm produ- 
cing organisms are required for implement- 
tation of preventive procedures and applica- 
tion of infection control measures. The objec- 
tives of this study are; to determine the pre- 
valence of ESβL-producing K. pneumoniae, 
isolates and their antibiotic resistance profile, 
genetically detect blaTEM and blaCTX-M genes, 
and evaluate their capacity to form biofilms.  
Materials and method: 
Study setting and design  
 This descriptive cross-sectional study 
was conducted over a period of 5 months 
(from October 29, 2017 to March 29, 2018) 
on 630 patients from different units and dep- 
artments of the Regional Military University 
Hospital of Oran, Algeria, whose clinical sam- 
ples were collected and processed at the 
Microbiology Laboratory of the hospital.  
Sample and data collection, culture, bacteria 
isolation and identification  
 Clinical specimens comprising voided 
urine (n=333), pus (n=173), blood for cul- 
ture (n=98), cerebrospinal fluids (n=12), cat- 
heter urine (n=8), perirectal abscess (n=4), 
and surgical wound (n=2) were collected by 
standard procedures from patients in diffe- 
rent departments/units (paediatrics, infec- 
tious disease, general surgery, oncology, 
pneumology, haematology, intensive care 
unit, urology, re-education, nephrology, child 
surgery, and psychiatry) of the hospital, and 
from some external patients. From each 
patient, socio-demographic information inclu- 
ding age and gender, specimen types, service 
units, and sampling date, were collected into 
a designed collection form.  
 Samples were cultured on Blood and 
MacConkey agar plates (Fluka), with the exc- 
eption of urine samples which were cultured 
on Cysteine Lactose Electrolytes Deficient 
(CLED) agar medium. All culture plates were 
incubated aerobically for 24 hours at 37°C, 
and bacteria were preliminarily identified by 
conventional microbiological methods of 
colony morphology and Gram reactions, and 
then purified by successive subcultures on 
MacConkey agar purity plates. Confirmation 
of K. pneumoniae isolates, antibiogram, mini- 
mum inhibitory concentrations (MICs) deter- 
mination and detection of resistance pheno- 
types were performed with automated VITEK 
2 (BioMérieux) ID and susceptibility platform, 
using GN and AST-N 233 tapes. The suscep- 
tibility results were interpreted according to 
the recommendations of CLSI (16). 
 
Synergy test for ESβL production 
 Synergy test was performed under 
the same conditions of the antibiogram after 
detection of resistance phenotypes by VITEK 
2 (BioMérieux) ID. Amoxicillin/clavulanic acid 
(AMC) disk (20/10µg) was placed at 30 mm 
center to center of ceftazidime (CAZ) disk 
(30µg), cefotaxime (CTX) disk (30µg), ceftri- 
axone (CRO) disk (30µg) and aztreonam 
(ATM) disk (30 µg) on MH agar plate that has 
been inoculated with 0.5 McFarland standards 
suspension of K. pneumoniae isolates. Kleb- 
siella pneumoniae ATCC 700603 was used as 
control. ESβL production results in the appea- 
rance of an image of synergy or champagne 
plug (17).  
 
Combination disk test for ESβL production
 The combination disk test was per- 
formed by placing clavulanic acid disk (10µg) 
and a third generation cephalosporin (3GC) 
disk at a distance of 30 mm on a MH agar 
 




plate that has been inoculated with 0.5 Mc- 
Farland standards suspension of K. pneu- 
moniae isolates (test), and K. pneumoniae 
ATCC 700603 as control. ESβL production 
was phenotypically confirmed when the inhi- 
bition zone diameter of the 3GC disk tower 
applied after diffusion of the clavulanic acid 
disk is ≥ 5 mm in relation to the inhibition 
zone diameter of the 3GC disk tower (17). 
 
Molecular detection of ESβL genes  
 Conventional simplex PCR for the de- 
tection of blaCTX-M and blaTEM genes was per- 
formed in the laboratory of Department of 
Public Health in Naple, Italy, with specific 
primers (18-20) as shown in Table 1. The 
bacterial DNA was extracted by the boiling 
method (21). PCR was performed in a ther- 
mal cycler (Applied Biosystems 2720, Cali- 
fornia, USA) and the amplification conditions 
were; initial denaturation at 94°C for 5 mins 
followed by 30 cycles at 94°C for 25 seconds, 
annealing at 52°C for 40 seconds, elongation 
for 72°C for 50 seconds and final elongation 
at 72°C for 6 minutes. The PCR products 
were electrophoresed on 1.5% agarose gel, 
visualized in the UV transilluminator after 
staining with ethidium bromide, and then 
photographed. The molecular weight marker 
(100 bp) was used to determine the sizes of 
the expected bands (Table 1).  
Biofilm formation by Tissue Culture Plate 
method (TCP)     
 Test for biofilm formation for the K. 
pneumoniae isolates was performed as pre- 
viously described (22,23) with some modi- 
fications. For this purpose, 96-well polysty- 
rene microplates were used. Isolates were 
grown on nutrient agar for 18-24 hours at 
37°C. One colony of each strain was ino- 
culated in 5 ml of Brain Heart Infusion Broth 
(BHIB) and incubated at 37°C for 24 hours, 
then diluted to 1:100 in BHIB + 2% sucrose. 
Each well in the microplate was filled with 
200µL of this dilution (three independent 
cultures for each species). A sterile broth of 
BHIB+2% sucrose was used as a negative 
control. The microplates were incubated at 
37°C for 24 to 48 hours, after which the well 
contents were gently removed and rinsed 
four times with TBS (pH 7.2) and allowed to 
dry at 60°C for 30 min. Then, the cells adhe- 
ring to the polystyrene support in the wells 
were coloured with 200µL of 1% (w/v) crystal 
violet for 30 minutes incubation at room 
temperature. The extra purple crystal violet 
was poured out and rinse four times at the 
sterile physiological waters. 200µL of ethanol 
95% (v/v) was added to each well and left 
for 15 minutes before reading the optical 
density (OD) at 550nm using a microplate 
reader (Bio-Rad ELISA, PR 5100).  
 The interpretation of the results was 
carried out according to Vuotto et al., (15). 
The OD of the strains was obtained by the 
average of the three wells and compared to 
the OD (mean absorbance) of the negative 
control (ODc). Non-biofilm producer had 
OD≤ODc, weak biofilm producer had ODc 
<OD≤2xODc, moderate biofilm producer had 
2ODc<OD≤4xODc, and strong biofilm produ- 
cer had 4xODc<OD. 
Statistical analysis   
 Data were analysed and presented on 
Excel sheet as frequency distribution tables 
and simple graphs. The susceptibility data 
were analyzed and interpreted using the 
WHONet 5.6 antibiotic susceptibility surveil- 
lance software 
 





 During the study period, a total of 
630 samples from 630 patients with clinical 
infections were collected and processed for 
isolation and identification of bacteria in the 
laboratory. K. pneumoniae was isolated in 40 
(6.3%) samples. In the AST assay, all the K. 
pneumoniae isolates were resistant (100%) 
to ampicillin and ticarcillin, 10% to amoxi- 
cillin/clavulanic acid, and 2.5% to pipera- 
cillin/tazobactam. On the other hand, 100% 
of the isolates were sensitive to cefoxitin, 
imipenem and ertapenem, while sensitivity to 
other antibiotics were amikacin (97.5%), ofl- 
oxacin (87.5%), ciprofloxacin (82.5%), nali- 
dixic acid (67.5%), gentamicin (67.5%), tob- 
ramycin (65%), cefotaxime (62.5%), ceftazi- 
dime (61.5%), cephalothin (60%), nitrofu- 
rantoin (55%), and trimethoprim/sulfameth- 
oxazole (50%) (Fig 1).                
 The MIC of cefotaxime (CTX) was ≥ 
64μg/ml, MIC of ceftazidime (CAZ) ranged 
from 1-≥64μg/ml, MIC of cefoxitin (FOX) was 
in the range of ≤4-8 μg/ml and MIC of 
amoxycillin/clavulanic acid (AMC) was bet- 
ween 16 and ≥ 32μg/ml. Fifteen (15) of the 
40 (37.5%) K. pneumoniae isolates were 
ESβL-producing strains (Fig 2a,b) but no car- 









  The ESβL-producing isolates were 
more frequently recovered from urine 
(46.7%), followed by pus, blood culture and 
perirectal abscess (13.3% each), and least 
from surgical wounds and catheters (6.7% 
each). There were no ESβL-producing strains 
in the cerebrospinal fluids (Table 2).  
 
 Twenty-seven K. pneumoniae isolates 
(65.7%) were recovered from male patients, 
13 (48.2%) of which were ESβL producers, 
while 13 isolates (32.5%) were recovered 
from female patients, 2 (15.4%) of which 
were ESβL producers. The age group distri- 
bution of the patients with KP-ESβL-produ- 
cing isolates shows that 3 patients (20%) 
were in the age group 21-30 years, while 2 
patients (13.3%) each were in age groups 
<10 years, 10-20 years,  31-40 years,  41-50  
years, 51-60 years and >60 years. Most 
ESβL-producing strains were isolated in the 
intensive care unit (33.3%, n=5), followed by 
general surgery (20%, n=3), paediatrics and 
urology units (13.3%, n=2) each, and 6.7% 
(n=1) each from nephrology, re-education 
and psychiatry units (Table 3).  
 
 Group 1 blaCTX-M gene was detected by 
PCR from 13 (86.7%) of the 15 KP-ESβL pro- 
ducing isolates, while 2 (13.3%) isolates did 
not contain the gene (Fig 3a). No blaTEM gene 
was detected in any of the isolates (Fig 3b). 
The results of the biofilm formation with TCP 
test for KP-ESβL producing isolates showed 
that 7 (46.7%) were moderate, 7 (46.7%) 
were weak biofilm producers, while 1 (6.7%) 












 During the study period, K. pneumo- 
niae was involved in 6.3% of clinical infections 
among the 630 patients, a rate that is similar 
to that reported by Khalifa and Khedher (12). 
All the K. pneumoniae isolates were resistant 
to ampicillin and ticarcillin (100%), which is 
consistent with the findings of Lagha et al., 
(24) and Muggeo et al., (25) in their previous 
studies. However, they were highly sensitive 
to amoxicillin/clavulanic acid (AMC) (90%) 
and piperacillin/tazobactam (97.5%), a find- 
ing that is also consistent with that of Rasa- 
miravaka et al., (26) especially for AMC, alth- 
ough Muggeo et al., (25) and Khalifa and Kh- 
edher (12) reported K. pneumoniae isolates 
with intermediate resistance to AMC in their 
studies, while higher AMC resistance rates 
were reported by Lagha et al., in 2014 (24) 
and Benaicha et al., in 2017 (27). However, 
for piperacillin/tazobactam combination, the 
resistance rate (2.5%)  in  our  study is lower  
 
than the rates reported by Lagha et al., (24) 
and Muggeo et al., (25). The decrease in the 
resistance rate may be an indicator of the 
presence of CTX-M type β-lactamases and 
the association of penicillinases with inhi- 
bitors, which permit recovery of the activity 
of the molecules. The β-lactamase inhibitors 
have structural similarity with penicillin, and 
are effective against many sensitive orga- 
nisms expressing class A lactamases (17). In 
addition, the combination of penicillin and β-
lactamase inhibitor has been actively used in 
the treatment of infections caused by ESβL-
producing bacteria and could be proposed for 
outpatient treatment of urinary tract infec- 
tions caused by ESβL-producing Escherichia 
coli strains (1,28).   
 All the K. pneumoniae isolates in the 
study were sensitive to cefoxitin, imipenem 
and ertapenem which agrees with the reports 
of Alibi et al., (20) and Lagha et al., (24), al- 
 




though different susceptibility rates have 
been reported in many other studies (11, 
15,25,26,29). Currently, carbapenems are 
the only class of antimicrobials historically 
effective against KP-ESβL producing strains 
(13), however, it is essential to ensure the 
rational use of carbapenems because there 
are no new antibiotics in the pipeline avai- 
lable for use in the near future for the treat- 
ment of infections caused by ESβL-producing 
Enterobacteriaceae (1). On the other hand, 
K. pneumoniae isolates in our study were 
highly sensitive to amikacin, ofloxacin and 
ciprofloxacin, and moderately sensitive to 
cephalothin, cefotaxime, ceftazidime, genta- 
micin, tobramycin, and nalidixic acid, which 
agrees with findings of some other studies 
(15,17,24,27,29).   
 However, Muggeo et al., (25) and 
Rasamiravaka et al., (26) reported lower 
sensitivity (83%) to amikacin in their studies 
compared to 97.5% in our own study. Only 
half of the K. pneumoniae isolates were sen- 
sitive to trimethoprim/sulfamethoxazole and 
nitrofurantoin. Rasamiravaka et al., (26) and 
Vuotto et al., (15) have reported differing 
susceptibility rates of K. pneumoniae isolates 
to trimethoprim/sulfamethoxazole in their 
studies. The fluoroquinolones (FQ) are the 
potential drug of choice for treating infections 
caused by β-lactamase-producing entero- 
bacteria that are usually FQ sensitive (25). 
However, Muggeo et al., (25) reported 100% 
resistance of K. pneumoniae ST395 to fluoro- 
quinolones in north-eastern France, which is 
contrary to the findings of high susceptibility 
in our study. Klebsiella species are naturally 
sensitive to FQ, but the misuse of these anti- 
biotic in human and veterinary medicine 
practices have, over the past decades, resul- 
ted in evolution of resistance to this antibiotic 
family, reduced their effectiveness, and com- 
promised the future use of this important 
class of antibacterial drugs (12). 
 In our study, 15 of the 40 (37.5%) K. 
pneumoniae isolates were ESβL-producing 
strains, which is proximate to 41.1% rate 
reported by Pirzaman et al., (2). Different 
prevalence rates for ESβL-producing strains 
have been reported in Tunisia (12), Algeria 
(24) and Russia (30), and ESβL rates are 
usually higher in Asian countries, with up to 
75% (17). The phenomenon of ESβL produc- 
tion has been observed in various pathogenic 
bacteria, but more frequent in E. coli and K. 
pneumoniae. The KP-ESβL strains were most 
frequently recovered from urine in our study 
which is consistent with the findings of other 
studies (2,26,27,31,32,33), probably because 
urine is about the most commonly collected 
specimens for clinical investigation. Infections 
caused by ESBL-producing bacteria can occur 
in people of all ages, but distribution could be 
determined by the immunological status of 
patients and prevalence of antibiotic misuse. 
KP-ESβL isolates were recovered across all 
age groups in our study but most frequently 
in age group 21-30 years (20%), although 
the number of isolates from patients in ours 
study are too few to make any significant 
inference. However, Lagha et al., (24) repor- 
ted that the most KP-ESβL were recovered 
from patients between the ages 27-85 years, 
Gravey et al., (34) reported 4.1% KP-ESβL 
rate in the age group 18–64 years and 4.2% 
in the age group >65 years. K. pneumoniae 
isolates as well as KP-ESβL strains were 
mostly recovered from male patients in our 
study. This is in close agreement with those 
of Bush et al., (33), Deng et al., (35) and 
Lagha et al., (24).    
 Also, most KP-ESβL strains were 
isolated from the intensive care and general 
surgery units of the hospital, with 33.3% and 
20% rates respectively. This agrees with the 
finding of Lagha et al., (24), but Khalifa and 
Khedher (12) reported lower rates than ours, 
with rates of 5% in paediatrics, 2.5% in med- 
ical resuscitation, and 0% in surgical unit. 
Numerous studies have reported isolation of 
KP-ESβL strains from hospitalized patients 
and nosocomial epidemics caused by these 
strains have been reported mainly in inten- 
sive care units (20). We did not isolate KP-
ESβL strain from infectious, oncology, pneu- 
mology, haematology and child surgery dep- 
artments of the hospital. Although, this might 
suggest good infection prevention and control 
practices in these service departments, the 
limited KP-ESβL strains in this study cannot 
allow us to generalize this finding.  
 PCR assays detected group 1 blaCTX-M 
genes in most (86.7%) of the KP-ESβL pro- 
ducing isolates, while few (13.3%) isolates 
did not carry the gene. This is similar to what 
Alibi et al., (20) reported in their study for 
blaCTX-M but in addition, they reported blaTEM 
in 56.8% of their isolates. However, Paterson 
et al., (36) reported 23.3% blaCTX-M and 87% 
blaTEM among their isolates. In Abidjan, Côte 
d’Ivoire, Guessennd et al., (31) reported that 
63.4% of their strains carried blaTEM, 58.5% 
carried group 1 blaCTX-M, none carried groups 
2 and 9 blaCTX-M, one strain carried group 8 
blaCTX-M and three strains carried blaTEM, 
blaSHV and group1 blaCTX-M. In another study 
in Korea by Jung et al., (32), only group 1 
blaCTX-M (75.9%) and/or group 9 blaCTX-M 
(20.5%) were reported. In an Egyptian 
study, blaCTX-M was reported in three cases 
and blaTEM was detected only in one case 
(37). KP-ESβL strains carrying blaCTX-M and/or 
blaTEM genes are usually resistant to third 
generation cephalosporins (ceftriaxone, cefo- 
taxime, ceftazidime), and several studies 
have shown that the presence of these genes 
could confer resistance to the third-gene- 
ration cephalosporins (38). With the wide- 
 




spread use of cefotaxime and ceftriaxone 
(36), it is not surprising that blaCTX-M ESβL 
strains are now found in many countries and 
reported at high rates among K. pneumoniae 
and other bacteria pathogens (20). 
 It has been widely reported in the 
literature that biofilm production provides a 
significant benefit by protecting pathogens 
against host immune system and reducing 
susceptibility to antibiotic therapy. In our 
study, 46.7% of KP-ESβL strains were mode- 
rate and 46.7% were mild biofilm producers, 
which agrees with the finding of Seifi et al., 
(7). Martino et al., (39) reported 48.5% of K. 
pneumoniae strains to be strong biofilm pro- 
ducers; Vuotto et al., (15) reported 67.5% of 
strains to be potent, and 25% to be mode- 
rate biofilm producers, and Khodadadian et 
al., (11) reported 91.2% of their isolates to 
be biofilm producers. Surgers et al., (40) 
have reported a close relationship between 
several virulence factors and the ability to 
produce biofilm. The ability of K. pneumoniae 
strains to adhere and colonize inert surfaces 
may be a general feature of this species, as 
high incidence of effective adhesion of K. 
pneumoniae strains to glass and polypropy- 
lene surfaces in clinical and water distribution 
systems, have been observed (39). 
Conclusion:  
 
 Infections caused by ESβL-produ- 
cing Gram-negative bacteria are increasing, 
particularly in immunocompromised patients 
and in high-risk units of hospitals. These 
infections are associated with higher costs of 
healthcare in Algeria and worldwide, as a 
result of prolonged hospitalization and the 
use of expensive drugs. The prevalence of 
KP-ESβL-producing strains reported in this 
study is a reflection of the level of infection 
prevention and control practices in our hos- 
pital.    
 Surveillance of these antibiotic resi- 
stant pathogens by detection of β-lactamases 
and molecular identification of prevalent ESβL 
genes, as well as good knowledge of biofilms 
formation, will be essential for reliable epide- 
miological characterization of these patho- 
gens, in order to prevent the risk of trans- 
mission, and implement antibiotic steward- 
ship and appropriate infection control mea- 
sures. 
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